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G.  M.  Panchenkov  and  7.  D.  Moiseyev  written 
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As  shown  by  theoretical  computation,  the  single-stage 
factor  of  the  separatian  of  Isotopes  of  carbon  by  means  of 
ther>ino-dif fusion  is  higher  for  carbon  monoxide  than  for  car¬ 
bon  dioxide.  Therefore,  in  spite  of  certain  Inconveniences 
In  v/ork  with  carbon  monoxide  because  of  its  toxicity,  it  is 
advantageous  to  produce  the  concentration  of  the  Isotope 
G^3  using  carbon  monoxide  as  fissionable  gas. 

Besides,  carbon  monoxide,  unlike  methane  for  which 
the  single-stage  separation  factor  is  still  higher,  la  more 
stable  thermally  and  can  easily  be  obtained  in  a  pure  state, 
which  excludes  the  negative  effect  of  impurities  on  the  se¬ 
paration  process.  There  is  only  one  written  work  on  the  se¬ 
paration  of  the  isotopes  of  carbon  by  means  of  the  thermo¬ 
diffusion  of  carbon  monoxide  /l/,  which  was  carried  out  un¬ 
der  conditions  different  from  those  examined  below. 

Experimental  Part 

The  thermal  diffusion  column  used  by  us  and  made  en¬ 
tirely  of  molybdenum  glass  is  shown  in  Fig.  1.  It  represents 
a  vertical  tube  0)  of  0.4D  cm  inside  radius.  It  is  cooled 
on  the  outside  by  running  water  at  a  temperature  of  291  K, 

A  molybdenum  electrode  (2)  is  sealed  into  the  tube  s  top, 
from  which  is  suspended  a  platinum  wire  (3)  287  cm  long  and 
of  0.015  cm  rad.  Little  glass  stars  soldered  to  the  wire 
center  it  along  the  axis  of  the  column.  To  the  lower  end  of 
the  wire  a  weight  (4)  is  attached  which  is  made  of  a  glass 
tube  filled  with  mercury,  and  sealed  at  the  ends,  A  heavy 
molybdenum  wire  runs  alorig  the  axis  of  this  tuoe;  the  lower 
end  of  the  wire  is  immersed  into  mercury  (5)  and  a  molybde¬ 
num  electrode  (6)  is  inserted  into  the  tube  from  the  outside. 
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The  platinum  wire  (3)  Is  heated  by  a  stabilized  alternating 
current,  the  voltage  of  which  is  regulated  by  an  auto  trans¬ 
former,  The  temperature  of  the  wire  is  determined  by  the 

charge  of  its  resistance. 

The  upper  end  of  the  thermal  diffusion  column  is  con¬ 
nected  by  means  of  a  ring  shaped  convection  tube,  heated  by 
a  spiral  (7)  to  1500C.,  with  the  ''infinite"  reservoir  (8) 
of  abt  2.5  liter  capacity.  The  lower  end  of  the  column  is 
connected  in  the  same  manner  with  a  changeable  reservoir 
(9)  of  60  ml  capacity.  This  reservoir  can  be  detached  from 
the  column  and  the  gas  it  contains  analyzed  or  used  for  o- 
ther  purposes. 

The  upper  convenction  tube  is  connected  with  a  mercu¬ 
ry  manometer  (10).  The  lower  convection  tube,  close  by  the 
winding  of  the  electric  furnace  (11),  has  a  tubulus  connect¬ 
ed  with  the  initial  vacuum  oil  pump,  the  system  5®-?  §®rv,- 
neration  and  purification  (not  shown  in  the  Figure),  and  the 
ampoules  (12)  for  gas  sampling.  The  ampoules  are  removed 
simply  hy  unsoldering. 


The  ampoule  has  a  volume  of  5  ml.  Its  upper  end  is 
closed  by  a  sealed  capillary  protected  by  a  glass  tube. 

This  tube  can  be  soldered  to  the  Instrument  needed,  the 

capillary  broken  by  an  iron  weight  and  magnet;  this  releases 
the  gas  contained  in  the  ampoule  into  the  testing  device. 

Carbon  monoxide  for  filling  the  column  was  produced 
in  8  glass  apparatus  evacuated  by  an  initial  vacuum  pump, 
by  addim  formic  acid  (drop  by  drop) to  concentrated  sulfu¬ 
ric  acid''’heated  to  lOO-llOOC.  Carbon  monoxide  was  puri¬ 
fied  by  consecutive  passings  throtigh  solutions  of  potas¬ 
sium  permanganate,  potassium  hydroxide,  and  concentrated 
sulfuric  acid,  after  which  it  entered  into  the  column,  e- 
vacuated  to  0.01  -  0.001  mm  mercury.  The  column  and  all 
the  connections  were  previously  waslied  out  repeatedly  with 
a  flov;  of  carbon  monoxide.  According  to  the  data  of  the 
mass-spectrometer  analysis,  the  samples  of  carbon  monoxi¬ 
de  from  our  column  contained  practically  no  air. 

Each  experiment  began  with  filling  up  the  column  to 
the  pressure  desired.  Then,  its  platinum  wire  was  heated 
and,  in  due  course,  the  gas  samples  vrere  removed  from  the 
lower  part  of  the  column  into  the  ampullas.  By  the  end  of 
the  exnerlment,  a  gas  sample  was  produced  in  reservoir  (90) 
and  the  column  was  evacuated.  The  experiment  was  repeated 
after  a  spare  reservoir  (9)  had  been  attached  to  the  column. 


*  Samples  of  carbon  monoxide  taken  from  the  column  were 

analyzed  by  the  mass-spectrometer.  Since  the  rest-peaks  of 
masses  12  and  13  were  too  high  and  too  unstable,  the  measu¬ 
rement  dealt  with  the  ratio  of  the  height  of  the  peak 
(with  mass  28)  to  the  summary  height  of  the  peaks  0*^0*!  and 

(with  mass  29).  fhe  heights  of  the  corresponding 
rest-peaks  were  measured  before  and  after  the  introduction 
of  the  sample  of  carbon  monoxide  into  the  mass-spectrome¬ 
ter,  and  the  average  heights  of  these  peaks,  amounting  nor¬ 
mally  to  2-3  percent  of  the  peak-heights  of  the  sample,  we¬ 
re  subtracted  from  the  latter.  The  ratio  C'VG'^  was  com- 
nuted  -  after  accounting  for  0^'*  under  the  assumption  that 
due  to  the  identical  molecular  weights  of  c  0  and  C  0  , 

the  ratio  of  the  concentrations  of  these  molecules  is  the 
same  in  the  gas  sample  from  the  lower  part  of  the  column  as 
in  he  initial  gas.  The  error  in  the  determination  of  the 
content  of  isotope  0l3  amounted  to  0.3-0 .4  percent  of  its 
content  in  the  sample. 

We  performed  six  experiments  with  the  thermal  diffu¬ 
sion  column. 


Fig.  1.  Thermal  diffusion  column. 


*It  was  assumed  that  the  ratio  O^^/o^'^  in  carbon  monoxide 
was  9978  /2/. 
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In  the  first  five  experiments,  the  pressure  oi  car¬ 
bon  monoxide  in  the  column  varied  under  a  constant  tempera- 
tiis  platiaum  wire  equaling  730O0..  The  sixth  ex^e- 
ilment  xas  performeS  at  praotloally  the  same  preseure,  UhO 
mm  of  mercury  column)  as  experiment  1,  out  tne  temperature 
of  the  wire  had  been  raised  to  860  C« 

In  the  fourth  experiment,  the  ratio  of  the  heights 
of  the  peaks  of  masses  28  and  30  was  also  measurgd  wg  c  , 
with  the  necessary  reactions,  gives  the  ratio  0  /O  in 
the  gas  sample. 

The  following  table  presents  the  results  of  our  ex¬ 
periments.  In  it: 

Ci3  /  (bottom) 

9  •=•  CIS^C'^C  top) 

is  the  separation  factor  of  the  carbon  isotopes  in  our 
column? 

^  (bottom) 

9  -  OlS/0'<  sftop  ) 

is  the  factor  of  separation  of  isotopes  and  0^^ 


Expt, 

'  No. 

pressure 
tnm.  hg. 

t  hours 

i 

i 

2 

i 

isx 

S-,2^ 

1.20;  1.52  i 

C 1 1 ; ?37 

.  Z  )i:  2- 

2 

67S 

AS. 72 

1.54. 1,i7 

90;l2O 

2.26;  2.28 

3 

600 

AO.iS 

1.70,  1.89 

S9  MO 

2.20;  2.23 

1 .70.  1 .99 

4 

400 

12.5.Z9S 

1 ,25r;  1 .4S 

t.Mr.  «  ,70 

2,34;  1.44- 

s 

wo 

10: tc2 

,  1 ,33;  1 .69 

--- 

6 

ISC 

1A-.  (36 

1.74;  2,  ;6 

Fig,  2  represents  the  graphs  plotted  from  the  data 
of  the  table.  The  equilibrium  was  reached  in  effect  in  a- 
bout  120  hours  at  all  pressures. 

G-raph  5  seems  to  indicate  that  the  speed  of  the  equi 
librium  increases  with  the  decrease  in  pressure,  but  tnls 
graph  has  too  few  points  and  such  a  conclusion 
cation.  At  750  mm  of  the  mercury  column,  a  rise  in  tempera 


2^60 


Fiff:.  2.  Dependence  of  the  factor  of  separation 

on' time.  Graphs*  numbers  correspond  to  the 
numbers  of  the  experiments. 


ture  to  130°C,  somewhat  Increased  the  separation  and  the 
speed  of  reaching  the  equilibrium  (graphs  1  and  6).  The 
maximum  factor  of  separation  depending  on  pressure  is  near 
675  mm  of  the  mercury  column  and  is  rather  sharply  express¬ 
ed  (Fig.  3)» 

At  400  mm  of  the  mercury  column,  the  separation  fac¬ 
tor  of  isotopes  of  oxygen  f  is  about  1.6  times  greater  than 
the  one  of  isotopes  of  carbon  ,  which  means  that  the^  iso' 
tope  of  oxygen  0*®  can  be  effectively  concentrateo.  by  ther— 
jBo-dif fusion  in  carbon  monoxide. 

Since  the  physical  constants  of  carbon  monoxide  are 
’.^ell  known,  the  factors  in  the  equation  of  transfer  ^can  be 
easily  computed,  using  the  widely  accepted  theory  of  ther¬ 
mal  diffusion  column  of  Jones  and  Ferry  and  thus  the  total 
separation  factor  at  the  point  of  equilibrium  will  be 
found. 


This  computation  which  uses  the  data  of  experiment  2 
indicates  that  equals  3.78,  while  the  experiment  gives 
the  value  of '^as  2;28.  The  discrepancy  can  be  explained 
by  the  oarasitic  convectional  Intermixing  arising  from  the 
as-nimetry  of  the  thermal  diffusion  column,  and  the  minimi- 
■  zing 


of  the  separation. 

According  to  the  saaie  theory  /3/j  the  relaxat lon^^pe- 
/'■'!  ov-  lor  8.  coluiEn.  is'lti'i,  a  closea  posi(jix'’e  enu  anci 
finite  reservoir  on  the  negative  e,-nd,  is  defined  by  tne  fol 
lo’vinis,  expression: 


11  ■^~'2ATr' 


in 


u 


islnce  the  volume 
its 
H  In 
Thus 
find 


f 

and 

,0-'7. 


rr-  Is  the  mass  of  gas  in  the  column* 
the  column  equais  145  ral  (without  the  reservoirs) 

•iuas  equals  15.12  •  10“2  grams;  e^AL  Qg  =  2.28, 
our  case  a a  is  shovm  by  computation  la  9 « 9572  •  1 
substituting  these  values  into  the  expression  (1),  vfe 
that  tjp.  ~  23»5b  hours. 

According,  to  the  same  theory  [3J,  in  the  case  of  a  co¬ 
lumn  with  an  infinite  reservoir  at  the  negative  end,  and  a 
large  (9.©,,  the  volume  of  which  is  much  larger  than  the  one 
'  the  column)  reservoir  at  the  positive  end,  the  relaxation 
riod  during  the  concentration  process  of  an  isotope  with  a 


of 
P< 

relat ive 


entration  of  less  than  1  is  expressed  as  follovrs 


res 


TT 


ic 


(t) 


In  our  case,  the  volume  of  the  positive  reservoir  is^ 

60  ml,;  consequently,  m  equals  6.17  •■=  6,1?  •  e^aL 

—  q0  —  2,28:  tr  res  “  2g,08  hours. 

The  expression  (2)  has  been  developed  on  the  assumption 
that  the  time  of  relaxation  is  determined  almost  exclusively 
by  the  transfer  of  the  isotope  into  the  positive  reservoir.  In 
our  case,  the  volume  of  the  latter  is  comparable  to  that  of 
the  column..  Such  a  ease  has  not  been  examined  by  means  of  the 
theory  [3], 

It  is  obvious  that  the  time  for  our  column  with  the  re¬ 
servoirs  must  be  greater  than  23*55hours  but  less  than  23«.t.5  + 
22.08  =  45.43  hours.  The  correctness  of  this  rsasorii:ag;  is 
corroborated  by  experiment.  In  Figui'^e  4,  graph  1  is  plotted 
froiTj  experiment  data  of  experiment  2;  graph  2  according  to 
theory  [3I  and  the  equation 

^  1  w  1)0  — 


provided  that  the  eauilibrium  values  are  for  the  separation 
factor  Go  -  2.23  and  ~  23.35;  graph  3^is  plotted  according 
to  the  same  formula  (3;  but  r:  2.28  and  tj.  =  45.43.  It  is 
evident  that  23,55  tv>  <  45.43.  The  experimental  relaxation 


Fi^©  3«  Dependence  of  the  factor  of  separation 
on  the  pressure  in  the  column  at  750^0# 
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Fig.  4*  Theoretical  and  experimental  graphs  of 
the  dependence  of  the  factor  of  separa 
tion  on  time;  1  - 

1)  experimental  graph; 

2)  for  tr  =  23.35  h. ; 

3)  for  ti»  —  45.43  h» 


time  tr  exn  could  have  been  computed  more  precisely  from 
the  points^  of  experiment  2  by  the  method  of  the  least 


It  follows  that  a  thermodiffusion  column  like  ours 
can  oroduGe  an  amount  of  concentrate  of  Isotope  oi  C  3, 
sufficient  for  laboratory  work.  Fig.  4  shows  that  a  mn 
of  48  hours  might  produce  60~80  ml  of  gas  at  675  mm.  hg,, 
i  e.  62-73  mg  of  carbon  monoxide  with  a  concentration  of 
the*isotooe  of  Cl3  (corresponding  to  the  separation  factor 
of  1.Q4)  equaling  2.123  percent.  The  ratio 

The  spectrometrlc  error  in  the  determination  of  the 
content  of  isotopes  of  carbon  g13  usually  less  than  0.5 
percent  of  the  concentrations  of  the  isotope  pelng  measured 
(In  our  case  it  amounted  to  0.3  “  0*4  percent).  This  means 
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'This  means  that,  proceeding  from  an  error  of  0,5  percent 
and  using  as  a  tagged  atom  a  sample  containing  = 

2*123  percent,  the  maximuffi  permissible  dilution  will  e- 
qual  about  1/200,  It  is  evident  that  such  a  concentra¬ 
tion  is  suitable  for*  many  purposes* 

This  g13  enriched  carbon  monoxide  sample  c-an  be  ea¬ 
sily  oxydlze-d  into  carbon  dioxide.  We  have  oxydized  carbon 
monoxide  with  iodine  pentoxide  in  a  glass  apparatus  shown  in 
Fig.  5. 


Fig,  5,  Apparatus  for  the  oxidation  of  carbon  mono- 
xMe  to  dioxide:  1-6,  vacuum  stopcocks;  7-S,  mercury 
manometers;  9,  reservoir  with  carbon  monoxide;  10-11, 
ampullasj  12,  ampullas  with  carbon  monoxide;  13-16, 
groxmd  connections;  17,  trap;  18,  furnace  with  iodine 
pentoxide;  19,  tube  with  freshly  reduced  copper  spi¬ 
rals  for  trapping  iodine  vapors;  20,  thermometer. 


Spirals  of  fine  copper  wire  were  deoxidized  by  heat¬ 
ing  in  a  gas  flame  and  cooled  in  methyl  alcohol,  then  ra¬ 
pidly  dried. 

Iodine  pentoxide  was  prepared  from  commercial  iodic 
by  heating  it  for  12  hours  at  200-300OC,  and  a  subsequent 
heating  of  the  final  product  obtained  in  a  vacuum  at  180 OQ, 
■The  process  of  oxidizing  carbon  mnnoxide  in  our  ap¬ 
paratus  was  carried  out  as  follows;  all  the  stopcocks  were 
opened  and  the  apparatus  evacuated  to  0,01  -  0.001  mm  of 
•nersury;  then,  stopcocks  4  and  6  were  closed  and  stopcock 
1  was  opened,  and  the  gas  entered  into  the  left  part  of  the 
apparatus.  Then,  Dewar  flasks  with  liquid  xiltrogen  were  pla 
ced  under  ampullas  10  and  11,  and  furnace  18  brought  up 
i20°G»  Stopcock  4  was  opened  cautiously  and  the  flow  of  car 
bon  monoxide  was  allowed  to  pass  through  furnace  18,  its 
speed  being  regulated  so  that  manometer  7  would  show  a  drop 
in  pressure  of  10  mm  per  minute.  After  some  time,  manome¬ 
ters  7  and  8  began  to  Indicate  the  absence  of  gas  in  the  ap¬ 
paratus  (visible  pressure  less  than  1  mm).  Then  ampullas 
10  and  11  with  their  charge  of  solid  carbon  dioxide  were  e- 
vacuated  and  unsoldered.  The  mass  spectrometer  showed  a 
very  high  purity  of  carbon  dioxide  obtained, 

•The  method  of  oxidising  small  samples  of  carbon  monp- 


xide  into'  carbon  dioxide  here  described  la  slople  and  most 
convenient. 


Conclusions 


The  process  of  the  concentration  of  isotopes  of 
carlpon  and  oxygen  in  carbon  monoxide  by  the  thermo- 
dif fusion  method  was  examined, 

2.  The  validity  of  the  theory  of  the  thermodiffusion 
column  for  the  purpose  of  semiquantltatlve  prediction  of  the 
results  of  the  work  of  the  apparatus  with  prescribed  parame¬ 
ters  was  confirmed. 

3,  A  convenient  method  of  oxidizing  small  samples 
of  carbon  monoxide  into  carbon  dioxide  was  developed. 


Submitted.  31  December  1955. 
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